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The following réview of Russian formaldehyde chemistry is based principally
on English and German absiracte of Russian articles. A few papers, which sppsared
outstanding, were studied in the original Russian by the writer. The Germsn
trenslation of Orlov's book was used in covering early studies. Y. Mayor's
review of the litersture on formaldehyde manufacture (34) also served as a
valuable source of information on Russian wori prior to 1939.

I. HISTORY

Formaldehyde was first prepared by A. M. Butlerov in 1859 (8) in & sty
of compounds derived from methylene iodide. Although he did not character:i.ze
the new product as formaldehyde, he published an accurate description of
formaldehyde and its polymers as well as an account of their simple chemical
properties including the production of hexamethylene tetramine by reaction with
emmonia. He regarded these compounds as derivatives of toxymethylene" but ncted
thet his solid "oxymethylene" polymer behaved like the unknown "formyl alielyde".
The true nature of formaldehyde was established in 1868 by the German chemis®,
Hofmann, who demonstrated its synthesis from aethanol by oxidation over a pletinum
catalyst.

The first book on formaldehyde was written by E. I. Orlov in Russia in ..908.
A German translation of this book by Cerl Kietabl (45) was published in 1503

("Formaldehyde, J.E.Orloff, Verlag Von Johann Abrogius Barth, Leipzig, 1909 ..
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II. PROPUCTION OF FORMALDEHIDE

A. Methenol Process

Kablukov (15) reported the use of platinized asbestos as a catalyst
for the prepsration of formaldehyde from methanol and air in 1882. This
was a simple replecemesnt for the platinum wire employed by Hofmann. in
1907-8, E.I.Orlov (45,46), made a detailed study of the process as previously
developed by German and French investigators. He measured the effect of
varietions in the ratio of methanol to air in the feed gases, the velocliy
of the gas current, the nature and dimensions of the catalyst mass and the
purity of the methyl alcohol employed. He obteined his best results (epprox.
557 yields) with the copper gauze catalyst as compared with platinum,
vanadium oxide and iron. This work was used a few years later by the (erman
firm of F.H.Meyer in the construction of an improved formeldehyde unit.
Further research on the memufacturing process by Methodie Ivanovich
Kugznezov (29) corroborated German findings on the superiority of silver
catalyst. In 1913, the silver gauze catalyst was introduced in United States
operations with Kuznezov's patent (30). Additiompal processing details and
reaction mechanism studies by Gurewitsch and Tsehirwinskaja (14) in 1934
duplicated the approximately 90% yields reported by Thomas in America in 1925.
However, the Russian investigators concluded that the process mechanisa involved
direct oxidation of methanol as well as dehydrogenation followed by coatstion
of the hydrogen liberated by this reaction. Thig is still a moot question.
B. Hydrocarbon Oxidation

Russien research on hydrocarbon oxidation processes for formaidehyde appe&ars

to have been centered on methods employing methane or natural gas as raw materials.
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Early English, French, and American investigators demonstrated the format:on
of low ylelds of formaldehyde by the partial oxidation of methane arouni :.900.
However, the gaseous products from these procedures contained only smali
concentrations of formaldehyde. Also, the problem of scrubbing these gases
and concentrating the dilute solutions obtained did not appear practical from
a commercial standpoint. This still seems to be the case and we have no
authentic knowledge of the successful operation of a commercial process

based on oxidation of methane or a patural gas consisting predominantly of
this hydrocarbon. However, Y. Mayor in a French review article (34 --
L'Industrie Chimique, 26, 291-2 (1939)) states that the Russians have obteined
a 70% yield of formaldehyde based on methane and that the use of this process
has resulted in a 504 reduction in the price of formaldehyde. No eviderce

is given for this statement.

S.5.Medvedev and co-workers published results of thorough studies of uetihane
oxidation in the years 1924 - 1932 (35,36,37,38). 4 large number of solid as
well as gaseous catalysts were investigated. Medvedev's best results (aporox.

5% conversions) appear to have been obtained with phosphate and borate catalysts
(36) using small concentrations of geseous hydrogen chloride as a promotar (38).
Since 1932 Medvedev has been working on proslems of hydrocarbon polymerization.

Our most recent reference is dated 1951 and desls with styrene. Most of Medwedev's
papers have appeared in the Transactions of the L. Ya. Karpov Phys. Chem. lnstitute.
In 1934, Tichomorowa (58) studied vanadium pentoxide as a catalyst for the

methané oxidation. Kreshkov (23) studied vanadium trioxide, cuprous chloride and
barium chloride supported on coke using a gaseous mixture of methane conteining
chlorine and water vapor. Kreshkov!'s yields averaged sbout 1%. Kushnerev

Approved For Release 2009/08/17 : CIA-RDP82-00308R000100290001-7



Approved For Release 2009/08/17 : CIA-RDP82-00308R000100290001-7

4

and Shekter (27) used atomic oxygen and passed the gases through a dischurge

tube. A study of the simultanecus oxidation of methane, carbon monoxiis and

hydrogen by Sakharov and Durynina in 1948 does not indicate apprecisblas

formation of formaldehyde (53).

Khorzhev!s study (see Sect. III) of the properties of formaldehyde

solution in 1935 (20, 22) was carried out in connection with research on the
development of Medvedev's process for the oxidation of natursal gas. The main
objective was to discover a practical method for concentrating the dilute
formaldehyde contaminated with hydrogen ehloride. A Russian patent (21)
covering concentrating formaldehyde by adding calcium chloride and distiliing
at atmospheric pressure resulted from this work. Khorzhev (20) states that
this research took place at Soyuz and pareformaldehyde from the Kuskovsi
Formaldehyde Plant was used to prepare the solutions for the experiments.
The Kuskovsk Flant probably employed a methanol process.

I1I. I OF FOR;

Morozov and co-workers (40) have recently calculated force comstants for
the formaldehyde molecule from the vibrational spectra of CH50 and CDL0.

As previously noted, Khorzhev and Rossinskaya (20) mede a thorough stucy of the
propertles of formaldehyde solution in 1935. They were spparently the first
investigators to use an equilibrium gtill for determining the partial pressure of
boiling formaldehyde solutions. Although this type of instrument tends to give
somewhat high partial pressure velues » their wcrk represented an important contribution
to the understanding of the peculiar problems of formaldehyde distilletion. i
references have been found to Khorzhev's work since 1935. Rossinskaya and Laites
reported some work on sodium nuclelnate in 1948 and Frolova, who worked with kkorghev
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and Rosslnskaya on the problem of concentrating formaldehyde, reported studies
with Ravich on the phenol-formaldehyde reacticn in 1953.
1V. CHEMICAL PROFERTIES OF FORMALIEHYDE

Kuznetzov (29) studied the stability of formaldehyde gas over hot coppar in
1913 in connection with his work on the development of a manufacturing procasss.
Medvedev and Robingon (38) messured the rate of decomposition at various temperatures
in a refractory glass tube at 450° to 700°C. The reaction of the free hydrixyl group
with formeldehyde in the gas phase oxidation reaction has been studied by Avrumenko
and Lorentso (3).

With regard to reactions of formsldehyde with formeldehyde, W. Tischenko's
work on the production of msthyl formate by the reaction which now bears his rame is well
known (62). Balezin (4) studied the formation of sugers by the aldol-type ooidensation
of aqueous formaldehyde in 1947 and concluded that calcium oxide did not act merely
as a base in catalyzing this reaction but was an essential component of an intermediate
complex.

A. Regctiong with Iporganic Agentgs

V.E.Tischenko and co-workers (63, 64) prepared dibromo- and di-iodometlyl

ethers by reaction of polyoxymethylene witn the corresponding hydrogen halides.

The bromo ether was also made by the reaction of phosphorus, bromine water and

polyoxymethylene.

In 1948-1949, T.I.Kunin (24, 25) reported a detailed study of the mechanism
of the decomposition of sodium formaldefryde sulfoxylate which is employed as a

reducing sgent for stripping and discharging dyed textiles.
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B. i ith Alcohol

Lyubomilov and Terentyev (32) report the preparation of 2-ethyl
propenol by reacting formaldehyde with a butanol sosution of sodium butylete.
On reduction of this product, 2-methylbutenol was obtained as would be
expected. The primary condensation has no analogs in known formaldelyds
chemistry but the work seems genuine.

The higher aliphatic chloromethyl ethers have been prepsred and characverized
by Kursanov and Setkina (26) from formaldehyde, hydrogen chloride and tae various
alcohols using routine preparative technigues.

Considerable spparently competent resesrch has been carried out on the
condensation of formaldehyde with aceteldehyde and ketones to give polyhydroxy
compounds. These materials are important as intermediates for alkyd resins
and explosives such as PEIN.

Stepanov and Shehukina (57) studied the mechanism of the reaction cf
formaldehyde and acetaldehyde to produce pentaerythritol. They successfully
demonstrated the presence of beta~hydroxypropionaldehyde (HOCHZCH2(HO) &8 a
reaction intermediate. Kuzin (28) discovered that small esmounts of sugers
(e.g. glucose) catalyze the formation of pentaerythritol.

Tilichenko and co-workers have recentiy made a detailed study of the
condensetion of formaldehyde with menthone (59), acetone (60) amd cyclohexanone
(61). The acetone and cyclohexanone reactions have received considerabie study
both here and abroad. The Russians studied the factors controlling yieics of
the simple hydroxy compounds and by-product resing., There is no evidence that

outstanding yield improvements were obtained.
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D. Beaction with Phepols

Vansheidt end co-workers (65, 68) have studied the mechanism of the phenol-
- formaldehyde reaction and the production of phenol alcohols. A recent 1¢53)
study by Ravich and Frolova (52) deals with the same subject. There hes been
much work in this field and the Russian studies are representative of the
average.
E. Reaction with Esters

Vansheldt, Itenberg and Pazl (66) studied the preparation of methylere
malonic ester from formaldehyde and malonic ester and investigated its
polymerization to a colorless, thermoplastic resin. Well known technigues
were followed and the results are not novel. A satisfactory process for
preparing this material has not been published to date.
F. Begcti 4

Research in this field has been devoted principally to the preparatiocr of
urea~-formaldehyde and melamine-formaldehyde resins. Petrov and co-workers
have Ruseian patents covering the preparation of urea resins soluble in arcanie
solvents (47) end the production of resin fosms (48). Both involve carrying
out the resin reaction at controlled, slightly acid pH values. The foam is
made by'beating the curing resin solution in the presence of a foaming agent.
These procedures were patented in 1946-7 in Russia. The general procedures are
similar to previous U.S. and English processes. Berlin and Iyumov (5) raeport
the use of a phenol-formaldehyde-~dicyanodimmide resin as a stabilizer for
aqueous solutions of urea resins. Vaskevich and Reingach (69) made an imteresting

study of the hydrolysis of urea resins on heating with acid formaldehyds :r 1948.

Their work indicates that the decomposition process is a combination of colloidal

Approved For Release 2009/08/17 : CIA-RDP82-00308R000100290001-7



Approved For Release 2009/08/17 : CIA-RDP82-00308R000100290001-7

-8~

peptization and chemical destruction. The kinetics of the urea-formaldenvde
reaction were studied by Kveton and Kralova in 1952 (31).

Vansheidt and co-workers (67) studied the melamine-formaldehyde condaaszation
in 1947 and esteblished a relation betweer extent of condensation and flow of
pressed resin powders. Freparation of molding powders with a c;llulose filler
is described. These results are not novel.

The preparation of the dimethylol derivatives of adipamide, sebacamide
and suberamide by the standard alkali-catalyzed formasldehyde reaction was
described by Arbuzov and Livshits in 1948, These derivatives should be
interesting as resin intermediates.

G. tio

The production of hydrocerbon resins aad diaryl methanes by direct resction
with formaldehyde in the presence of strong sulfuric acid was apparently
discovered by Nastyukov in 1903 (42, 43). A German petent by this invertor,
dated 1929 (44) covers the use of this so-called ¥formolite" reaction for
removing aromatics and hydro-arometics from petroleum fractioms. Prior to
Nastyukov's work, Beeyer had shown in 1872 that methylene diacetate and aethylal
gave diaryl methanes and hydrocarbon resins on reacting with aromatics and
concentrated sulfuric acid. In 1874, Grabowski (13) demonstrated the formstion
of dinaphthylmethane from naphthalene and methylal by this technique. In 1940,
Moschinskaya and Globus (41) mede a competent and detailed study of this
reaction. Their findings indicate that methanol end traces of iron salts have a

strong catalytic effect on the condensation.
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Vororozhtzov and Yuruigina (72) published & etudy of the chloromethylstion
of benzene by reaction with formaldehyde golution and hydrogen chloride ir 1931.
Previous publications on the chloromethylation of aromatice describe the use
of formaldehyde polymers for this purpose. Since the latter are a more expensive
form of formaldehyde, the Russian work pointed to a more economical procedure.

The addition of chloromethyl ethers (ex formsldehyde-hydrogen chloride-
alcohol rea ctions) to butadiene was demonstrated by Pudovik and co-workers (50)
in 1949,

In 1948, Gorin and Charskaya (11) reported that significant amounts of
butadiene ere formed by the reaction of formaldehyde and isopropyl alcokel.

The reaction can be carried out with methanol as a raw material in place of
formaldehyde by use of a mixed dehydrogenation - condensation catalyst
(mixed Lebedev catalyst). Earlier U.S. patents (1943-6) cover preperation
of butediene from propylene and formsldehyte.

The earliest reported preparation of butynediol from formaldehyde ard
acetylene 1s apparently Yocich's synthesis involving the reaction of formaldehyde
with the acetylene Grignard compound (73). In 194B, Gbertsiteli (10) described
the synthesis of vinyl-2-propynol from formaldehyde and vinyl acetylene presumably
by the Reppe resaction.

Russisn resesrch on the reaction of nitro-aliphatics and formaldehyde includes
Gorgki and Makerov's demonstration that the methylolation of nitromethere is reversibie
(12) and Malinowski and Urbanski's synthesis of hydropyrimidine deratives from
nitromethane, formeldehyde and ammonia (33).
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H. Beagtions with Heterocyclic Compounds
Chelintzov and Makarov (9) were apparently the first to demonstrate the
formation of 2,5-dimethylolpyrroles by resction of pyrrole and N-methyl
pyrrole with alkaline formaldehyde golutions in 1916. 1In 1927, Potokhin
(49) prepered N-methylol pyrrolidine, alpha-methylol pyrollidine and N-metnylene
bis-pyrrolidine by heating pyrollidine with alpha-polyoxymethylene. Schmidit
and Petrov (54, 55) prepared pyridine-formeldehyde resing and patented their
process in Rugsis in 1936. We know nothimg concerning the possible utiliity of
these resins.
V. HEXAMETHYLENETETRAMINE
As pmviously pointed out, Butlerov (8) was apparently the first chemist to
prepasre hexamethylenetetramine. This work was reported in 1859, In 1936, Lolosov
(18) reported that 98% hexsmethylenetetramine could be prepared by a gas phuse
reaction of formaldehyde and emmonia. To the best of our knowledge, a process
of thls type has never proved technically operable due to by-product formaticr.
Klinov (17) has reported that chrome-end chrome-manganese steels as well cast iron
containing 14.5% silicon are satisfactory for use in the manufacture of hexamethylene-
tetramine.
Pushin and Zivadinovic (51) reported the preparation of a complex of
phosgene and hexamethylenetetramine in a Yugo-Slav journal in 1936. Korostisheviska
(19) attempted to develop a method of hexsmethylenetetremine anslysis based cr the

formation of itg tetra-iodo derivative without success.
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A brief journsl note by Karpukhin and Chetyrkin in 1944 describes curreit
methods of manufacturing cyclo-trimethylene-trinitramine (RDX) with approx. 0%
nitric acid and reports that up to 55% acid can be employed with proper cooling
of the nitration mixture. However, it is stated that acid consumption is zreater
at the higher concentrations. This is far from representative of optimum xccessing
techniques.

Al'vin-Gutzats and co-workers (1) covered the preparation of aromatic hdroxy-
aldehydes by reaction of hexamethylenetetramine with a phenol in acid media in the
presence of nitrosophenol, a nitroso~dialkylaniline or nitrobenzene sulfonic acid in
1946.

Borisek (6) described a method of differentiatimg various types of lizn:n by
reaction with hexamethylenetetramine in 1951.

VI. FORMALDEHYDE ANALISIS

Veksler (70, 71) has developed a spectrophotometric method for determining
formaidehyde based on the use of Schiff's remgent. Soloveichik and Novikova (56)
reported a simple procedure for hydrolyzing polyvinyl formals and determining the
combined formaldehyde in these resins.

VIiI. MISCELLAREOUS

Minaev and Frolov (39) have reported the modification of cellulosic falmics
by treatment with formaldehyde gas and a solution of formaldehyde in acetone.

Borisek and Polein studied the reaction of formaldehyde and lignin for
differentiating various types of lignin (6).
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CONCENIRATION OF PORMATTEVDE SOLUTIONS

By: F.P. Korzhev and I M. Rossinskeya
Ref: J, Chem Ipd. "I 3.8S.% ) 12 'p. 610~14 {193}

L. On The State of Tha Wapors of Fermaldehyde Solukions.

The oxidati-n af hydroasrhons in many Cceses givsg 13
one of the main produsts water snlusions of formaldenyde of I -y
concentration «md verious degrees of purity. In commaectinn t:n
our reseerch in Sovuz omn methods Pok the oxidation of rydrosir ng
(methene, ethyleme. ete.) the questirn arose of comverting tid:a3
dilute formaldehyde sclutions obtaimad to commercial fcrmalisj,
l.e., removal of impurities {ehiefly acid) end concexretion 5
26=37% {formalin) or the solid form: (neraférmaldehvde’ .

Netural.v it was «t firsti iscidef to examine the FUlE RRE
bility of fractional distillation e# a meaps of obtalning sani=-
factory results.

: The datr in the literature dc mt give an snewer ti i hig
aqkestion.

Acoording to the date rend -ted by Auerbach egnd Barpndisll
{1), Wilkinson and Gibson (2), and dthers, fractional Adistdllt cn
under ordinary corditions ia mt a ¢=ticfadtory method fo- o¢ N en-
trating formeldehyde solutioms ainre the final Jdistribution bLitwesn
distillate end residus is unfewarahle. ‘

On the other hand we have the information of 2i; meyid {2z}
that by the careful fractionstion of & 18% solution of tormalf¢yis
comaining methamol. he obtrined inithe fidst fractions methe)y 1
and in the following righly concentwrted golutions of fLormeliel;ds
the contemt of whish in individusl frections attalned B8 gms. ¢
formeldehyde per 130 c¢3. of solution. Ry H#his method practi¢sl ly
all the formsldehvia distilled lesvirg alma-t mthing Iin the re+litug

. EXperiments were made to meprnduce Zimmerli results §o
The Institute of Orgaris Cetalysis. ' The aegparetion wes wut eff2oted
{Korshev, P.P. and Flowov, F.A.). Hewever this dld not dispriye
Zimmerli¥s data bessusa we did not A mplataly reproducze the ozgii-
tions of the Amariian investigetor. (# smaller eolumnp wenm vpead) .

in ety ¢4 % must be sckrowl adgad that our iLnformit Ha
on the distillation of formsldervdaa Prlubions 1s mot very slasr
Une of the rsascms for thig is the chasnse nf suffisiamt’y coep ete
data on the vartis. preassure of formpidehyde vapore over the 13 -
tion. {The new dat.s of Ladbury and Biair /oever only tae iatasse .
0°-48%3. ), {4}
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in conmmecBion witi) regsesrg on tha workiae up Y* Frir il daa.
uyde solutiomns obtelned bv oxidizing nqthana hy ths mekh> o1 | £,
- Medvedev/we undertook the studv of #ie .constitution of #he wsire r's

»f formaldehvde sclut’ong and Hhe da*hrminsaion.of th e oartis]

pressure of the formeldehvde ovar ahide ténperstures ingarwel,
Ziperimental Part
4pperatus

The determination of the ¥:var nrassura of forim . cslt'e
wae made by anelveis ¢f the constitution of the vanore 2 heildng
Fformalidehvde solutior under vsariocus tonditisns of temreraturs s nd

vresgure. This method proved wvarvy d:eful £or the asoluti = ct 1 e
practical problam vefcre us.

ﬂ S Ln thie #OTK we wude use 01 tne aparstus of V. < iress (R
{zee fig. I).

© Lnm reseT¢siT 1 1is plaasd B e soluzion o ha tasteds vl ian
is hested to boilina. The vapo™ fram the hasted cormtelasr Tmeki s
through tube 2 to the reflux condender *. gopniensez. emd Flowr ~enk
€0 the reservoir throwgh tubte 4. After the apparatus 13 nowrjetel
neseted and the boiling becores consirrh. s#oDoock 8 ipBwute £ 4
cicsed: whereuoor the vapors are directad shrough the irner  4ube
5 into the condenser snd thence ints tha raszervoir 1. A mnll
sample of condensete i3 then coslactiré in 4 greduated Fiask Ty ueh
the 3~way stopeock 7. For determingtions garried out at ~aedits
LT8S8Urés A GOTreEpINnelng VHAIUMDG Lugt be eeraated in the ™ usc 1
which the semple is ocllected. The itre of ilephlegnetors '‘n the
spparatus leads to worthliess vaiues. Parsi.el exparimens meve
setisfactory checks.

it 18 nezsasary o pornmk Mt 2everal difficien:ies of

- the spparatus. The tuve with the gncund-gliaza ioint in hier t-e
thermometer is susosnd2ad constituted in {t33lf a reflexy wondetpar
and pertiallvy condsanses the formeidarvde v4)H0T8.

‘ Pragipitsticn on the innan vail of irovs of liwid 18 es
1% extremely difficuit to read the Geaperavirs. Furtsericrs 1313
‘¢condensing hoera slides down or the tiferzomanar snd Fithi - trp
Sarcury bulb mar cause low temperataré —asd. noea.
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Preparation of Formaldsehyde Solution

Pareformaidenhvds from the huskovsk sformaldenyus 183307
- was teken as & raw naterial for this a0rk. - This produet kad 2
- pasty consistensy. The 1ethod of purirication partly texen 1g0:
+the eauthors cited ibove coneisted in [1lrst awaﬂning this pearaiin:
with ‘& weter bath inie- & reflux coikenser at 80% ror mmky bodfs.
*his operstion removed all the easliy voiaWw . ie portiocms i tod r~aw
m&terial The residue polyzerized piokliy andi was then neatei i
- 50‘3-60 ip the vacaun, after wnich it was depolymerized vy hest . ng
to 1109 to 115%C. »atching the Tormsidehyde vapors in wuter. &2
thig solution of formaaidehyde, pelymer was cbtained again oy fesaus
distillation. The purified polyimur #8868 thsn VAPOTiZed ani wihe
. formeldehyde gas dissolved in water. LN T8 mMAnner was citeliisl
'a solution comtamining 28 gme. o1 Torpeldehy«ie in 1G0 gms. I #0.u-
tion, from wrnon shiutions ¢f other oncerti-avions were oLT&ile€ i,

For carrving oub coumparative deserminasitlons we L.od &
}.6% pure formaldenvde soiution prepared in.an enalogous procets
from & s0iid poiymer of formalden;ds wade by vxidetiom of 1etisre.

ha Pormaidenyvde cebermningatl ions wers carried ou py t.e
fodimetric method of Romijnm.

Results of Experimzuabe
Tha nniectiveas sOoUght 1n 2wy WOTH were:

%} o szpisin the characthrr of %ae relatliornsaly vi ilé
conatitukion of the vepors and partirl VAPOL presBuUre OL JOTuhy (edyUue
to the concemtrstion ¢f the soiution

%) o ¢evelrnine the reiat ¢y OF LOUPOTEALUrE HJ Lt joIciés
rressure of formeldeny as tor severai coucegorations.

Fyom the resuits obtalned rom tisse expsrimemba. ¢ nhix
may be celoulated & series of ovher values: 10 lay the Tfoumisiiin
for this or other xaethods of sLUAYiI®: SOLURLORBB.

Prg resvibe of bho eiverid ides ufs KiIVend 1L TED Tei.bE
“nd grapns.

iy wnat foliows wo wiliomg s useé of the désignsi . omw
shown balows

ﬁ.éoiu:tion = (oncentration of formal- 'ehyde Lpn solwtivii (i
Cvapors = Concextration of formel ehyde. ir vapor (ilk)

:PGH,O = perbiel pressure 01 Iohwicelyde 1n .. OF oarih .
¥ = normel pressurs )

% = toilipg roimg of soiutl on in degrees O (T=an:)
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LTigare £ ia showa the r1.8630F ¢f the conpesivei s g

: 01' ths vapu“ t¢ the oo n«“ansvatif._a of she stlution ab she nodl by

. point 83 tie constamt pressure of “H5 mn. (in order tﬂ 6o nme;
some of thy Lfilgires gre csorrectsd o tempersturs. ‘

. AN extremely importapt otsarvetion is the fast wne;
for low concemtraticn: the zoatent 07 the formaldehvdés in trd
vapor excesds the concembration in tis sclution, {(i.e. €u.n-ui -t
while as the concentretion increases the inverse ratiom healiis to
predominat,e. The transition pvoint & whioh Gvapg,r aoula G b oo
iies in the intervel % to 12%. i Sl oo

' Let us now io0k at the vehaviouriof soluuiam ALeh e
‘initial concentration greatsr than 1. %o 1f%. - S :

S Sinece with solutions of th.a3 cencotmration the raniix: sre
" poorer in formeldehyde then the init.al solution O"’”‘E . o lie 3

*<e IR

on distiilation the distillate willi rossest & lower forwalisiin: a
concentration. Because of this theras results an inoreass of i can-
tration of the solukion in the disti ling flesk, provokinz ilit.un
en increase in the sgecond sample of: anelyzed. diatillai;o in etiz:arisen
with the previous test. This procedss eomtinues until the emd in?

the distillation. As a result we bire in the residue a’'asoneiss reted -
- solutlon, and the cdistillete possessas an average soncertrsat:i¥: rush
lower than the initial solution alti:rmgh 1ndividual fipal friiw cns

. may exceed this velue.

With solutlions below 8-94i"or which Cyapsy .

Csolution
heve an inverse picture of the disti _latiob: the first: fracticne
contain more formseidehyds than the initialisclution. Ix the iistile
lation process the residue is gradu#s.ly impoverished im tne tfintiiling
flask.

o This situation is well illustrated by the experimsiti: of
- Wilkinson and Gibscon (see Fig. 3) which eobfirm us in our heltkr
~that Auserbach was in error in his ciservation that the camvoidt:
of the vapors of formaldehyde solutions ofiall somncentretioms iiffer
" from the initial rolutlon in possesé ng e lower comtemt of fiitialdew
hyde.

-
w4 a
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Determinaeticons of relatich of the partisl pressurs iy
Formaldehyvde veapor to temperature wera carried ous for three

- soncentrations: the fiuvctuation of §14 contentretion of the (i3 tisl

solutlions in the rsnegs of 1% {for hizh contentretions: isg nmi’
reflected in any c(ivservabls mlteratf »n of the ocurve shnowing 1:iis

. constitution of the vapor. Accordimziy wei epsign, for examy :3 wie
poimts obtained with :z0lutions of £V 87: 26.24 and 25.82%4 to sy
average concentration., rounding it orf to the whole numter :H%is.
Conseguently the other concemtrazticn: sre slso exprassed n iy
approx. values 74 and 17%. i

From the dsva shown inTebk:.a 2 and in Fig. 4, iv mir oe
sesn thet the results cbhtained withisolutibns of formaléanvdd i mein
various sourcee {Irom methane end froia comperciel romnﬁdamni!
nay be conaidcrod to e ldenkieai. ! i : v

‘The relttion of temperatur: to the partiel pressuns
or foma_dehyde in solutions of varfko ue eaﬁcaubratlcns may g
gxpressed in the following form: 1léx Pnfr P YA B

PCH 0 * pressure ol formaldenyde: vapor tor a aelubz.cn of 3
given conesntration,
T = absolute temperature, Ad 3 = ocmﬁams

We fix I' for all conesrtresions &8 equal to &%V 80U, 4a:
A - as having the following values:i for 2&% soclutiona - 12..§3
for 17% - 12.1C amd for 7% - 11.7%.; Jurver in Fig. 4 4re soi¥ - ucted
from this euuation &ndi show good agt 3sment: of the galowiausc :Fuvk
and the experimerntel.

Comperirson of the dats ott+iined by us with the ans:;xous
data givan by Ledlury & Blalr sbowsgizhet obr deta are lowar iiua
- the velues clted from their research measureé in the renge O b=5%C,
‘The data of Ledbury and Blair sgreei~ell with the tyvpe emvirizl
egquationt

Liog F*”Hg(} # A - ﬁ

whera k = 2908

Comparircn of the esqueticon of Lefbury amd Bliair ant nne
quation set forth by us above shows that &t high temperaturia
f;85°-100°c.§ the cete of Ledbury end Blairimust coincide wit'i vurs
{assuning theat the chsraocter of the! ~elatitmship found: ty t:zn‘
authors is preeerved tor high tempersturesj.

Fc:r golution of these disgtk: llatlibtn questions the firm:
'of the isctherms Yor the total presguare ofi the vapor acpsars
axtremely importaxt. The sonstructisn of these curves by oricilnetce
deta from experiments is puzzling in consecusnce cf the varisaion
in boiling poimt ¢f sciutions, accoriingiy: we had recoursa tis
galculation. : :
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_ As was shown ebove, the DErtiml rressure of formaiisnvee
vapors fcllow suffieiently closely tas formula:

R bl . AT
.ﬂ!vg feﬁ‘Q B2 neo- —‘-—"‘—-J-v:

In an awlogous mannsr, tha vapor pressure nf wate®  rer
& formeldehyde so.ution may be expreissed by the formuls

Ry En e ol
Hwr-4 ?fHF«v'\ | R v ez

In Tebla 4 is given the ceaperiscn of the found waiasy
and those caloulated »v the empirice. formulas.

, The signification A end A! Tor other concentrstiony > av

be ealoulated froi: the data shown ip Tablei l arnd further bv :igsins

of graphic interpclations. By suel’ 1 manner we obtein tkhs fuilowing
values (see Table 4}. : :

. Congtructed on the besis o7 this: eeloulation tha iLsriernm
{see Fig. 5} shows clearly a minimum vepor: pressure for the -yynjen-
tration 11-12% corresponding however to the azectropis mixsu ‘s
This 1s in complete agxreement with our expsrinmental date. Hire it
should be observed that the iseotherms for 7% amd 98Y.:° gshowd in
Fig. 5 have the appearsnce of isothe~ms for higher temreraswts:s.
{Otherwise the owrves would have tc: z0 dowr again at the Ler; 2
order to spproach the true veiue I'cr TGhe vepor preasure > piss
water when C. i -np ™ O)e

We ealiresdy indicated the pissible sources o error :in
the meesured temperstures. This srr>r increases still zare un
conseguence of the spproximatioms of thne enpirical fornuias. : % a8
1s why the clited ‘sotherms reflect ¢1iv the cumlitative anamsrar
of the distilleticn. In this thev &:rresvinl to what we obsiwa
in reality on distilistion of formeldiaehyde: sclutions. Tha iitxcw
ductlion of correciion: would mct altr thei form of tha s thiiw s,
At the ssme tlre they show that in $19 reaion of low cens. tlis
boilling poimt of sclutlons is changé! verv: insignificargiv wi
concentration; the difference tetween the vepor pressure  f ‘iavor
and thet of the azectropic mixture ¢ .nstitutes & value in tlss
order of 10-15 mm. whioh corresponis o epprex. 0.4 o J.5%i.
This sxplains why in cur experimemtse we were unsble to dissorwr
varietions in boiling temp. of zolut oms with conesntrations v
4,58 and 7.08%. This difference of iamp. torresponie $¢ thae

varietion of pressure of 8 nmm. whick would: ot exceed & waliws 2
" 0.3°C. and which cculd mot de measuf:@ with cartainbvy urndar 'yu
conditions of our experiments. :

- é =
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A very interesting pscuiias-itv shown by forralimnyés
solutions and alreedv observed by Aucrbach amd noted kv ‘s i1:
a deviation frown the law of Komovalay. TPhis ig shown in the -
grephs in which the eurve of condensnte B in Fig. 5 goes higri
then curve A while in ordinary cesed the pliafiomenon tekae= r=lsu
inversely. In other words: over solutions nf formaldehvis wi t:zvas
- vapor of such a composition that itd hoiline ooin‘b ig hizher ﬂ 3
the solution found in eouilibrium with it, -

Aprothar exprassion of this snmonalv is shown by the tsat
thet with distillation of solutions with edncamtratior g eatéf’ than
12% the higher boiling compoment watier is oarried off prafereitially.
and the mixture is smnriched witii thd lower hoiling eowpornert Hf
formaldehyde is considered as sueh}. in eonformity with whiet:tn
boiling point of tba residuel mixture i3 raduced. With —eesrés t)

solutrons of lower concemtretion than 10%, there is a possibilisy
“of fractionselly driving off completdiv all +the formsldenvie witn
- ~elevation of its eone. in the fractix n while in normal aases fe-
- mixtures with partial oressure minime (e.g. HCl « Hp0) im thei

process of distillsticn the compositiicn of %he. rasidull mi Ytut:
“approaches that of the constant - boiling mixture. y

' , We thipk that the explansuicn of tthese anomelisas snte:4
be sought in the pasnomena of polymsrigzation and depolymaer iznti 23 !
which take plsace during the concom:*stion snd distilletion of!
formaldehyde solutions.

The svetan formelcenvde-water ahowlld be Jooked uror!
not ag a binasrv mixture but as & soimtion in extrene measure 2t
two forms of formaidehvde: +the hydwted form methvlens aiveal:
and the polymeric form (CHs0)p, in eeuilibrium with esen othet.

With this very precbable hvikothesis, She ternm "iower: kHi ing®
‘with respect to water! component bekomaes viague: if we applviis
with respect to ths geseous formaldekvde and. may te. to the
nypothetical methyilene glyecel. %To tke polymer of Tormaldmhyds tn
term ie shown to b3 inapplicable. With thie situstion wa hevws =
marked deviation from the general lam: T'or Linary nixswrse.

' Po distlllation compliceted by this plcture mav ~e 44 iad
atill ancther factor namely - time, wnich sis it aprears fr rete Tad
for the attaiment of a condition off sguilibrium betwssn the | :
steted forms.

on aocoum: o7 thig, & receaniv comcamtrated smm-.in;
cr rormaldehyde do3s not appear iderkieal tc am "older” cone.
solution in which she polymerizetion nrocess has procssdeéd ruétrm'f',.
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This is denmnstrated erpedr imarmteily by the g‘gga—r ad
‘the opticel properties of forme: dahy i (7} and the gradye’ ‘
disappearance of nolyaers after di using thore solwutinme.

~ Wa shal: now spplv our deg2 to stlution ' of “Pe 1ueir
of the optimum sonditions for cnnnair‘ﬂﬂ ng pure- rowalﬁs"wﬂf
solutions,,

Ce With resrect to distillatisa of ktrospheric pre=auis
“he data obteined by us soincide ock-letaly with- tha nhrarre it e
of Wilkipson end Gibsem parmittingisn sketeh the same rlatiris

of distillation wiiek was observaed b+ thead 5"!7@3‘51&9’9':}?‘1 IR BN
work. The results of such distillst nr ere not aeti sPaoR e 1A
practical purposas. ‘he mush more fivworshle: dsta nhtaipes nei

- &immerli ere not expieined ov our results eDé TequirTe s in mu -
0. us supplementary. verificatiocn.

: We heve szhown how thes st ;t; of zha VEDOT chsinges wibd
lowsr temperasturec.

From TaLle ¥ it 15 seen tmt bv 9eransing the ~meiis e
%% which the selutioen boils. thas no g“anﬂ: nf formaldehbt-de m 1!%
vapor falls repidly.

As et z1 mm. and Y-25%C] the ~tage of the wenawma i
thae solution with conmtemt 7. 17. ard ?M. CH,0 i3 oaxpresss’ riiire
sorresponding values (1.468%: 1.41% s®i 4.60%; thus when the P18 sve
ia alwost atmosnherie the eorrespord  ng valués scual K. 99 Tiu vad
and 22 a&%

Hence it followas that for!ioncentration of pura Foriw'ldn-
nydc solutions vacuum distiiletion #=v be $udcesaful 1v amwmiiei
gince one does not obtain highly sowentresad disgillete Praeld kg-g
snd on di‘s‘billing thewater one :.)b'lm‘t*’m f ndnnnntra*m! fqmmnﬂ

saolubion in the residue.

The higher the vaouum the! ess tHa 1osg nf Pormn) ﬂl}i ‘.
in the form of wesklvy concentrated W rha Atagillats.

For salewietion mav ba uRgr the Argve-statad ﬁ*%‘?ri?iﬁ’
formula for thes partisl pressurs of ifowral danvde and ux&m* 3
tracting one exoressicn from the othHrr we dnhgain :

e

ﬁg Pf*' }
m' ‘

"o
s

= A . A% L 4

E LN

' The values A snd A' {for H rmslddhvie snd wegaer mayg
be taken from Tabls 4. For transiticn fray the Tetlio of wanid
pressures to conc. of distililete (id &) folj ow Teble §, "-cs‘m}ﬂseﬁ
by us on the foundition of the ahovd cited inxherinemtsl Seta.
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. . | 3 C 13 P C P <ne KOPP)
doTn. vEDor O | Ve :'.’.",.'g
4,55 99,0 735 5,09 23.4 N 1
P 3 4,71 99,0 753 5,20 .24,6 -
: 7,06 G| 785 8,34 39,0 4
7,03 98,4 753 9,08 43.6 ; -
11,74 | o83 753 11.34 544 | -
17,34 97, 735 16,98 81.1 . ¥
17,350 98, 753 17,27 83,1 -
19,51 98,5 753 17,99 88,9 -
19,54 97,5 735 17,98 87,2 is, 18
25,90 97,b 735 22,36 109.5 ) $5.83
25,90 98,5 753 22,73 114,5 ! -

Table 2: Vsriation af' Partiasl Pressure of Ic¢m=auldehyde
wit:: Temp. =t Various loneentrst:cr:

o0l GING POINT DATs

e

- G P t° c P
o4 presor apT— TH,O
c b } 5013, I T
vapor 2 I -
" V 6,82 21 19.5 0.46 0.06
“‘7‘ - 6.82 104 51 1.81 1.16
- " A 6,82 201 65 2.63 3..7
- P 6,82 300 75 3,52 7.0
16 —+-——t- - 6.82 400 82,5 4,31 10.9
,6 6,82 608 93 5,96 23.4
6,82 790 98 8.95 32,3
P P 7.05 21 19 0.77 0.04
5 ¥ 7,05 a2 46 1,36 0.68
2, Tpo } —+ - 7.05 205 86 2.67 3.35
& . ,/ 7,05 503 88 4.77 15.2
.85 /) - 16.86 a1 21 1.41 0.18
- 7 , 16,86 N 20 1,19 0,14
o T4 —4 - 16,86 102 51.5 4,73 | 3.06
5 5 L 16,86 308 75,8 7.27 | 14,0
5 16,86 400 82.0 1070 | 27,2
- 0 1 16,86 506 87,0 11,31 36,3
’ Tt 0 pmcandoonin i el paimbise 10801 8% ° 3y R
- 5, 86 1 9 15,4 66.7
e , Coonmt 17,34 200 66 5.74 7,1
% CH,0 in boiling soln. soln. i;,g‘; 3&3 gg;s 9,58 18,5
Fig. 2: State_of Vapor as Function of Form. -34 400 0 1u,40 25,5
503 ot 75 'y 17,34 508 88,0 11,86 38.3
in soln. (Boiling Polnts =t 755 mm ) 17734 742 98,1 14,46 71.9 )
%0 G S
/3Jmsewaswud’ v i , ) .
5 o pano T fPegdve Ealntios of Forma obtd. by Oxidizin: & 2tn=ne
30 / L Apemerw A 16,41 z0 20 2,44 0.3
e ° 16,44 B 52 4,04 2,8
25— — A P 16.44 8 65 6,23 7,0
— Rl R e b 16,447 | 21 74 8,11 14,6
g p =T T a0 g 16,41 1 37 97,5 15,98 73,0
NS 15 (I e , 2w 27,67 j 00 65,4 9,89 12,6
o w5 | ) e g @ 2767 203 7.0 12,65 23.3
8 &w 4o Lo 2 27.67 L 402 82,5 16,43 4&6
~ 7ot —T D10 127,67 Y 98,5 22,79 1
. X e - Ld92 28,2 : 21 23,5 4,66 0,6.
g 33 s FEg ooEr D@ B oo
~— ""r\' - T 1 31 “,( g 6- ’
RN ] e E g B | e
o (2N ! - » > ! 2 T 0 i,
el e i /1_\\ N 1 A Y 28,62’ L M4 65,3 9,27 11,9
o | ~N - 862 | w4 73,5 12042 25,4
g e e Bl A~y S99 28,62 403 82,0 14,96 38,9
I . R B R 28.62 412 83,0 16,53 43,0
g od, N _ 2ok :
A M~ — Note l: {"he following greph(Fig.Zimskry 13e of
Q 7 . - these:-orrectad values for the comei. H>f Form. in
5 2 e e T TR s P - the vg,.ors whan the soln, is distil irs &t 753 mm.
= P - 25 oressd-e. :
0 = H 2 Bl < ﬁ .‘
. 100 200 300 40 S#0:600 700 800 =

Quantity of Distillate obtd. in ce.
Fig. 3: Chart of the distillation of Form. solmns. ofi-arious:concns.{sccording to . <inson &
Gibson). Figures on curves indicute concn.: .f soln. distilled.
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~ e ifmore: g VUL UL DU L S TRy v b5 i1 P thrse
| SR . ¢ leulsted from the EHopiriesl ['nviala
nsdnmdh‘ta
P v-t4-ll!,4,;;;7«i;! F g oeiegl Periisd i
s {C/IO Poist Dres8,  Pros8.oi 1o 4T
A o} hucthue Yemowrsn | o | Yrpyr—mape ) ‘e-»:~ PRS-
- 0 AHHERH A oo Peayo BO .6l Pu.x Sy :2;
. e ¥ - — . . . . o
f s Found |Cale. |Foxnd|Cale. -f-%a.ke ek, =
2 cooo | el IS il 2
. A ! C:
le] B T T T !
. 19,5 Al 7 0,06! 0,06 20,9] 19.4; 0,4€¢] t .15 A= 11,75
E 51 1417 1,16]) 1,07{102,8]101.5' 0,81 75}
- P 66 |28 7 3,961 3,651202,7{202 . 2,48; - LA = 8,695
o 75 130 7 | 7,0 | 6,922 |295 | 3,x 70!
ha 88 | 53| 7 |15,2 (17,0 |488 |485 @ 4,7} ?
. 98 (70} 7 3,3 (82,4 |708 (718 | 8, 5
B S 20 | 20|17 |0,4| 0,15| 19,8 19 | 11|
i 51 11721 17 | 306| 2,75] 99 97 ; 4,721 - 30 A=12,10
76 gos 17 | 4,0 &7.4) 294 291 | 7,21} .9 2
9 82 |40} 17 (37,2 9 |373 |3712 10,7 [} 5 A" = 8677
96 701 | 17 |80)7 |67.6 |631 1631 1154 |1 2|
2 98 [7:2| 17 71,8 (77,6 [670 |682 .#EU|L 5.
@ ; ;
o 23,5}/121]128 | 0,6 | 0.32] 20,4] 22,7 4,6¢] ...38 4=12,30
. ﬂf: 38 ;:53| 28 | 1,48) 1,29| 51,5] 50.2; 5,5t 10 >
! 49 é)() 28 | 4,67 (3,5 ¥ 87y | 5,W 25 A = 8872
~ | 65 | 20| 28 [12,6 [12,3 |187 {181 | 9.8¢| v %6
a - 82 | 402 | 28 |45,6 |42,7 |358 (366 (16,4 {1 3.
a3 *‘ 82 |43 28 %,9 42,7 1364 {36 150 |1 2
a Eo « 87 |48 | 28 |90 |58'3 43 46 1302 |1 o
Ny 20 30 40 0 %0100 98,5 | 751 28 132 1128 619 672) [ 22,¢ {2
Fig. 4: Relation of Partinl Press. .
»f Form. Vapor to Temp., ver solns.
of various concentrstinns.
Table 4: CONCEBNTRALIION 1 1 FORM.: [N PEr CENT
T R 2% 28
‘ 5 6 \ 7 ‘ 9 \ 10 | .
. . . . - g 9 12,30
TOR 9 2,05 | 12,10 | 2.k I 2,20 !
A Gam Pn) =+ | 10E0 | 100 IHgo} 18| 5690 1:3::’“7 236%4 18,680 8.677| 3%  er oo
A Puo) -« o+ o BT0T | 8, ’ ; 427 | e6i8 | 51,5 | 648 1 725 4 830 1 120
: o] 22,9 26,9 30,9 38,9 ' ! 759 | 891 i:10
lktt_.o '+ 38 e T 28.2 32,4 41,5 44,7 6;{1)’0 62?1.1 62:;'.6 656 ! 833 5 ) Mg
Puo v O 4 .. .| 703 697 692 681 676 T 6o 6L o ot e 67
B N I 5 723 718 707 ! 701 6 i e ——
T Average Vapiv pruss. ‘ 1 t e 764
P af»m-—z-wp‘—zepﬂf;) - 719 718 718 726 729 738 e 798
726 724 723 720 767 | 85
‘tang-,.‘me_n.pum 98) 753 751 750 748 746 746 746 754 757 e
S wme ¥ v T T T I . 1 5' 0,13% 0, 1663 0,1890
e o,o3os| 0,0365| ©,043 l 0 oseo{ 0,0620, 0,069 0.0_75-’4 0.0955| 0,1095, ‘
l cvamvdiniviavady Ul IrOIe L1NOLEeEs (Mole rraction’
2 Table S: datio of Vapor Press. =i Uonci,
a . of Distillste in %
@~ F sl =10 | T
P e = —romTe C sap Ormomrenme | C-nap.
il ‘ YEpor L ’ vape:
Ll % SR .
g o —0.00 | 0. 10 ' 14,0
b ) 1,65 0.110 i 15,30
- ! Co 3.20 0.120 } 16,48
— — TR 4,70 0. 180 i F 17,60
RIS e Y 6.15 0.140 O 8,75
g / ,-_':.v..r’ - ; i i 7.35 0.150 i 19,50
(= CH.O i s . [N 8.95 0.160 ! 20,98 L
, ‘ % CHe0 in soln Coar0 10,30 0470 | 21,9
—. Fig, 5: VCharacter of the Isotierms for the © %0 11,65 0.180 2,9
total Pressure of CH,) solns. L0 12,% 0.1%0 t 23,9
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